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Summary
Mango ginger (Curcuma amada Roxb.) is a unique spice having morphological resem-
blance to ginger but imparts raw mango flavour. The sequential extraction of mango gin-
ger rhizome powder was carried out using hexane, chloroform, ethyl acetate, acetone, meth-
anol and water. The phenolic content was the highest in methanol extract, followed by
acetone, ethyl acetate and water extracts. Among these, chloroform extract exhibited high
lipid peroxidation inhibitory activity and metal chelating activity, whereas ethyl acetate ex-
tract showed high DPPH radical scavenging activity and superoxide radical scavenging
activity. Mango ginger extracts also showed potential platelet aggregation inhibitory activ-
ity and cytotoxicity properties.
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Introduction
Historically, plant-derived extracts have been con-
sidered as an important remedy for maintaining health,
enhancing overall immune status, and prevention and
treatment of chronic diseases (1). Extracts of aromatic
herbs, spices, and medicinal plants are employed in food
processing to impart flavour and other functional prop-
erties. The naturally occurring phytochemicals present
in fruits, vegetables and spices can prevent or reduce the
risk of many diseases (2). The presence of polyphenols,
terpenoids, alkaloids, flavonoids and other secondary
metabolites in plants will provide a scientific validation
for their popular use (3,4).
The bioactive properties of phenolic compounds are
mainly due to the result of various possible mechanisms
like free radical scavenging activity, transition metal che-
lating activity, inhibition of lipid peroxidation and plate-
let aggregation (5–8). Plant extracts are also an alter-
native to the currently used anti-platelet agents, because
they constitute a rich source of bioactive chemicals (9,10).
These potentially multiple mechanisms of antioxidant
action make the diverse group of phenolic compounds
an interesting target in the search for natural health-
-beneficial phytochemicals (11). There is numerous evi-
dence that free radicals induce oxidative damage to lip-
ids, proteins and nucleic acids, which eventually causes
atherosclerosis, ageing, cancer, diabetes mellitus, inflamma-
tion, AIDS and several degenerative diseases in humans
(12–15).
The genus Curcuma (Zingiberaceae) comprises over
80 species of rhizomatous herbs. They originate from the
Indo-Malayan region and are widely distributed in the
tropics of Asia to Africa and Australia (16). Mango gin-
ger (Curcuma amada Roxb.) is a unique spice having mor-
phological resemblance to ginger. The main use of mango
ginger rhizome is in the manufacture of pickles, as a
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source of raw mango flavour for foods and for thera-
peutic purpose (17). Ayurveda, the oldest system of medi-
cine in India, has given importance to rhizome as an ap-
petizer, alexiteric, antipyretic, aphrodisiac and laxative
(17,18). It is also used in treatment of biliousness, itching,
skin diseases, bronchitis, asthma, hiccups and inflamma-
tion due to injuries (18,19). According to Unani systems
of medicine, it is a diuretic, maturant, emollient, expec-
torant, antipyretic and appetizer (19). It is useful against
inflammation in the mouth, ear, as well as gleet, ulcers
on the male sex organs, scabies, lumbago and stomatitis
(18–20). In spite of its strong medicinal properties and
therapeutic uses in Ayurveda and Unani systems of me-
dicine, there are few reports on the antioxidant activity,
platelet aggregation inhibitory activity and cytotoxic prop-
erties of different extracts of mango ginger rhizome. The
present investigation explores the antioxidant activity,
cytotoxicity and platelet aggregation inhibitory potential
of different mango ginger rhizome extracts.
Materials and Methods
Plant material
Fresh and healthy mango ginger rhizomes were pro-
cured from the local market, Mysore, India. Rhizomes
were washed, sliced and dried in a hot air oven at 50 °C
for 72 h and powdered to 60 mesh in an apex com-
muniting mill (Apex Construction Ltd, London, UK).
Chemicals
Folin-Ciocalteu phenol reagent, potassium ferricyan-
ide, 3-(2-pyridyl)-5,6-bis-(4-phenyl-sulphonic acid)-1,2,4-
-triazine (ferrozine) and ferric chloride were purchased
from Sisco Research Laboratories (Mumbai, India). Gal-
lic acid, 1,1-diphenyl-2-picryl-hydrazyl (DPPH), 3-(4,5-
-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), sulphorhodamine B (SRB) dye, Trizma base, colla-
gen, nicotinamide adenine dinucleotide (NADH), dimeth-
yl sulphoxide (DMSO), butylated hydroxyanisole (BHA),
trichloroacetic acid (TCA) and newborn calf serum (NBCS)
were purchased from Sigma-Aldrich (Sternheim, Germa-
ny). Nitroblue tetrazolium (NBT), phenazine methosul-
phate (PMS), thiobarbituric acid (TBA), and ethylenedia-
minetetraacetic acid (EDTA) were purchased from Sigma
Chemicals Co. (St. Louis, MO, USA). Dulbecco’s modi-
fied Eagle’s medium (DMEM) was purchased from Hi-
Media Laboratories Pvt. Ltd. (Mumbai, India). All other
reagents were of analytical grade and other chemicals
used in this study were of highest purity.
Preparation of extracts
Sequential extraction was carried out with the mango
ginger powder using solvents of different polarity in or-
der to resolve the compounds of different polarity effect-
ively and completely. About 100 g of dry mango ginger
powder were sequentially extracted using n-hexane, fol-
lowed by chloroform, ethyl acetate, acetone, methanol and
water using orbital incubator shaker (Remi Instruments,
Mumbai, India) at 100 rpm and room temperature ((25±
2) °C) under atmospheric pressure. After each solvent
extraction step, the extracts were filtered and concentrat-
ed by using rotary evaporator (Büchi Rotavapor R-124,
Büchi Labotechnik AG, Flawil, Switzerland). The concen-
trated extracts were freeze-dried and stored in refriger-
ator until use.
Determination of phenolics
Total phenolic content was determined according to
the modified method of Taga et al. (21). In brief, 100 mL
of test samples (2 mg/mL solution) were mixed with 2
mL of 2 % sodium carbonate solution. After 3 min, 100
mL of 50 % Folin-Ciocalteu phenol reagent were added
to the mixture. After 30 min of incubation at room tem-
perature, absorbance was measured at 750 nm against
the blank. Total phenolic content was calculated on the
basis of the calibration curve of tannic acid used as stan-
dard reference.
Antioxidant activities of mango ginger extracts
Determination of DPPH· scavenging activity
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scaveng-
ing activity was carried out according to the methods
described earlier (22–24). Briefly, 1 mL of DPPH· (500 mM
in ethanol) was added to a mixture of test samples (10–
100 mL) and 0.8 mL of Tris-HCl buffer (pH=7.4). After
vigorous shaking, the mixture was allowed to stand for
30 min. Absorbance of the resulting solution was mea-
sured at 517 nm with a UV-VIS spectrophotometer (UV-
160A, Shimadzu Co, Japan). BHA was used as positive
control. Radical scavenging potential was expressed as
EC50 value, which represents the sample concentration at
which 50 % of the DPPH· radicals were scavenged.
Determination of superoxide radical scavenging
activity
The superoxide scavenging ability was assessed ac-
cording to a modified method as described earlier (24,
25). The superoxide radicals were generated in 1 mL of
Tris-HCl buffer (0.02 M, pH=8.3) containing NBT (0.1 mM),
NADH (0.1 mM) and PMS (10 mM) with or without the
sample. The colour reaction was recorded at 560 nm every
30 s for 2 min using UV-VIS spectrophotometer (UV-160A,
Shimadzu Co). BHA was used as positive control. Radi-
cal scavenging potential was expressed as EC50 value.
Determination of lipid peroxidation inhibitory activity
Lipid peroxidation inhibitory activity was carried out
according to the method of Duh and Yen as described
earlier (26). In brief, lecithin (in 3 mg/mL of phosphate
buffer, pH=7.4) was sonicated in a UP 50H ultrasonic pro-
cessor (Hielscher Ultrasonics GmbH, Teltow, Germany).
The test samples (100 mL) were added to 1 mL of soni-
cated lecithin, and then 10 mL of FeCl3 (400 mM) and 10
mL of L-ascorbic acid (400 mM) were added to induce
the lipid peroxidation. The reaction was stopped by add-
ing 2 mL of 0.25 M HCl containing 15 % TCA and 0.375
% TBA, after incubation for 1 h at 37 °C. The absorbance
of the supernatant was measured at 532 nm. BHA was
used as positive control. Inhibitory activity was express-
ed as EC50 value, which is sample concentration at which
50 % of lipid peroxidation was inhibited.
Determination of metal chelating activity
The chelation of ferrous ions by the test sample was
estimated by the method as described earlier (27,28).
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Briefly, the test samples at different concentrations were
mixed with 0.05 mL of 2 mM FeCl2 and 0.2 mL of 5 mM
ferrozine and the mixture was vigorously shaken. After
10 min, the absorbance of the mixture was read at 562
nm. EDTA was used as positive control. Results were ex-
pressed as EC50 value, which represents the sample con-
centration at which 50 % of metal chelation occurred.
Total reducing power determination
The reducing power was quantified by the method
of Yen and Chen (29) with minor modifications as de-
scribed earlier (24). Different concentrations of test samples
(10–100 mL) in phosphate buffer (0.2 M, pH=6.6) were
incubated with potassium ferricyanide (1 % by mass per
volume) at 50 °C for 20 min. The TCA solution (10 % by
mass per volume) was added to terminate the reaction
and the mixture was centrifuged at 3000 rpm for 20 min.
The supernatant was mixed with distilled water and fer-
ric chloride (0.1 % by mass per volume) solution, and
the absorbance was measured at 700 nm. Increased ab-
sorbance of the reaction mixture indicated increased re-
ducing power.
Cytotoxicity of mango ginger extracts
Preparation of test solutions
For cytotoxicity studies, each extract was weighed
separately, dissolved in 1 mL of distilled dimethyl sul-
phoxide (DMSO) and volume was made up to 10 mL
with DMEM, pH=7.4, supplemented with 2 % inacti-
vated NBCS (maintenance medium) to obtain a stock so-
lution of 1 mg/mL concentration, sterilized by filtration
and stored at –20 °C until use. Maintenance medium was
used for dilution of extracts. Serial twofold dilution of
the extracts was prepared from the stock solution to ob-
tain lower concentrations. The mango ginger extract mass
used for cytotoxicity assay ranged from 10 to 500 mg.
Cell lines and culture medium
Vero cell (normal African green monkey kidney) cul-
ture was procured from National Centre for Cell Scien-
ces (NCCS), Pune, India, and A-549 (human small cell
lung carcinoma) cells from Christian Medical College, Vel-
lore, India. Stock cells of Vero and A-549 cell lines were
cultured in DMEM medium supplemented with 10 %
inactivated NBCS, penicillin (100 IU/mL), streptomycin
(100 mg/mL) and amphotericin B (5 mg/mL) in a humi-
dified atmosphere of 5 % CO2 at 37 °C until they were
confluent. The cells were dissociated with TPVG solu-
tion (0.2 % trypsin, 0.02 % EDTA, 0.05 % glucose in PBS).
The stock cultures were grown in 25-cm2 flat bottles and
all experiments were carried out in 96-well microtitre
plates.
Determination of mitochondrial synthesis by MTT assay
The MTT assay was carried out according to the meth-
od of Denizot and Lang (30). Briefly, the trypsinized
monolayer cell culture was adjusted to 105 cells/mL using
10 % NBCS containing DMEM medium. The cell suspen-
sion (approx. 10 000 cells) was added to each well of the
96-well microtitre plate. After 24 h, the supernatant was
aspirated, and the monolayer was washed with the me-
dium and 100 mL of different extract concentrations were
added to the cells in microtitre plates. The cells were in
an exponential growth phase when the extracts were
added to the culture. The plates were then incubated for
3 days in 5 % CO2 atmosphere at 37 °C. After 72 h, 50
mL of MTT in DMEM-PR (Dulbecco’s modified Eagle’s
medium with phenol red, 2 mg/mL) was added to each
well. The plates were gently shaken and incubated for 3
h at 37 °C in 5 % CO2 atmosphere. The absorbance was
measured using a microplate reader at 540 nm. The per-
centage of growth inhibition was determined and CTC50
(cytotoxic concentration at which 50 % of the cells are dead)
values were generated from the dose-response curves for
each cell line.
Determination of total cell protein content by
sulphorhodamine B (SRB) assay
The sulphorhodamine B assay was performed accord-
ing to the method of Skehan et al. (31). The monolayer
cell culture was trypsinized and the cell count was ad-
justed to 105 cells/mL using DMEM medium containing
10 % NBCS. To each well of the microtitre plate, about
0.1 mL of the diluted cell suspension (approx. 10 000 cells)
was added. The plates were incubated at 37 °C for 3 days
in 5 % CO2 atmosphere. After 72 h, 25 mL of 50 % tri-
chloroacetic acid were carefully added to the wells in such
a way that it forms a thin layer over the extract to form
an overall concentration of 10 %. The plates were aspir-
ated and washed five times with Millipore water to re-
move the traces of the medium, extract and serum, and
air dried. They were stained with SRB (0.4 % prepared
in 1 % acetic acid, 50 µL/well) for 30 min. The plates
were then air dried. Tris base (10 mM, 100 mL) was then
added to the wells to solubilise the dye and shaken vi-
gorously for 5 min. The absorbance was measured using
microplate reader at a wavelength of 540 nm. The data
were expressed as percentage of growth inhibition.
Determination of platelet aggregation inhibitory
activity
Platelet aggregation inhibitory activity was deter-
mined according to the method of Policegoudra et al. (24).
Briefly, platelet-rich plasma (PRP) was obtained by cen-
trifugation of the citrated blood at 1100 rpm for 20 min,
and platelet poor plasma (PPP) was obtained by centri-
fuging again the residual blood at 2500 rpm for 20 min.
Aggregation was measured turbidimetrically in a Chro-
no-log dual channel aggregometer (Chrono-log Corp.,
Havertown, PA, USA) at 37 °C, with constant stirring at
1000 rpm. The aggregation was induced by collagen (10
µM) to 0.45 mL of PRP at 37 °C. Similarly, the mango
ginger extract and PRP mixture was incubated for 5 min
before induction with collagen (10 µM). The change in
turbidity was recorded with reference to PPP using an
omniscribe recorder for at least 5 min. The differences in
the slope between the control and the treated sample were
expressed as percent inhibition of platelet aggregation by
mango ginger extracts.
Statistical analysis
The experiments were carried out in triplicates. Sig-
nificant differences (p<0.05) were determined by Dun-
can’s multiple range test (DMRT).
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Results and Discussion
Preparation of mango ginger extracts
Different mango ginger extracts were obtained by
sequential extraction with mango ginger powder using
different solvents with increasing polarity. Sequential ex-
traction of 100 g of mango ginger powder using hexane,
chloroform, ethyl acetate, acetone, methanol and water
yielded 11, 8, 0.9, 0.8, 10 and 5 g of extract, respectively.
The purpose of employing sequential extraction with the
same powder was to resolve all types of compounds with
different polarity effectively and completely.
Phenolic content
Among six different extracts of mango ginger rhi-
zome, the methanol extract showed high phenolic con-
tent followed by acetone, ethyl acetate and water extracts
(Fig. 1). The phenolic compounds were not detected in
hexane and chloroform extracts. Antibacterial activity of
free and bound phenolics from mango ginger rhizomes
has been reported by Siddaraju and Dharmesh (32). The
free phenolic acids present in mango ginger were caffeic
(26 %), gentisic (24 %), and ferulic (20 %), followed by
gallic (10 %), cinnamic (7 %), protocatechuic (7 %), and
small amounts of syringic (4 %) and p-coumaric (2 %)
acids. Mango ginger also contains bound phenolic com-
pounds like ferulic (47 %), cinnamic (29 %), p-coumaric
(11 %), syringic (5 %), caffeic (4 %), vanillic (2 %), gallic
(1 %), and gentisic (1 %) acids. They demonstrated that
both free and bound phenolic fractions of mango ginger
were effective in inhibiting H+/K+-ATPase activity and
Helicobacter pylori growth. Cinnamic and ferulic acids pre-
sent in phenolic fractions of mango ginger contribute sig-
nificantly to H+/K+-ATPase as well as to H. pylori growth
inhibition. Plant phenolics have received considerable at-
tention because of their potential antioxidant activity (33).
Antioxidant activity of mango ginger
DPPH radical scavenging activity
Except hexane and chloroform extracts, all other
mango ginger extracts showed DPPH· scavenging activ-
ity. Ethyl acetate extract exhibited potential radical scav-
enging activity with very low IC50, while acetone, meth-
anol and water extracts showed less activity with high
IC50 values (Table 1). The high antioxidant activity of
ethyl acetate extract may be due to the cumulative effect
of potential phenolic compounds. The concentration of
phenolic compounds was lower in ethyl acetate extract
compared to other extracts, but they still might have
radical scavenging properties. Phenolic compounds are
vital plant constituents with potential radical scavenging
ability due to the presence of hydroxyl groups (34,35).
DPPH radical scavenging activity of mango ginger ex-
tracts may be attributed to the presence of hydrogen-
-donating ability of -OH and -CH3 groups in antioxidant
compounds (36,37).
Superoxide radical scavenging activity
Among six extracts of mango ginger, only ethyl ace-
tate and acetone extracts exhibited superoxide radical
scavenging activity. Ethyl acetate extract scavenged su-
peroxide radicals significantly with low IC50 value (Table
1). Superoxide anion plays an important role in the for-
mation of reactive oxygen species (ROS) such as hydro-
gen peroxide, hydroxyl radical, and singlet oxygen, which
induce oxidative damage in lipids, proteins and DNA
(38,39).
Lipid peroxidation inhibitory activity
Lipid peroxidation causes destabilization and disin-
tegration of the cell membrane, leading to liver injury,
atherosclerosis, kidney damage, aging, and susceptibili-
ty to cancer (40). Except water extract, all other mango
ginger extracts showed potential lipid peroxidation inhi-
bitory activity. The chloroform extract was found to be a
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Fig. 1. Phenolic content in mango ginger extracts. The expres-
sed values are means±S.D. of three replicates; those with differ-
ent letters differ significantly at p<0.05











hexane –– –– (94.2±3.3)b (218.1±4.5)c
chloroform –– –– (80.6±4.1)a (142.2±4.6)a
ethyl acetate (77.3±5.8)b (146.5±6.2)a (91.4±2.8)b (168.7±3.6)b
acetone (146.6±3.3)c (288.4±3.2)b (95.3±1.8)b (233.7±5.2)d
methanol (140.5±4.1)c –– (178.2±7.4)c (268.4±5.8)e
water (289.5±6.8)d –– –– ––
The expressed values are means±S.D. of three replicates; those with different superscripts differ significantly at p<0.05
potential inhibitor of lipid peroxidation. It is more signi-
ficant that hexane, chloroform, ethyl acetate and acetone
extracts also showed potential activity with low IC50 val-
ues (Table 1). Even though the phenolic compounds were
absent from the chloroform extract, the activity found
may be due to the presence of terpenoid compounds, as
reported earlier (41,42) along with other compounds.
Lipid peroxidation inhibitory activity was mainly attri-
buted to the number of hydroxyl groups and also de-
pends on the solubility, i.e. hydrophobicity of the com-
pounds.
Metal chelating activity of mango ginger extracts
Except water extract, all other mango ginger extracts
showed metal chelating activity. Ethyl acetate and ace-
tone extracts were found to be potential metal chelators
with low IC50 values (Table 1). It was reported that the
structures containing two or more of the following func-
tional groups: -OH, -SH, -COOH, -O3H2, C=O, -NR2, -S-
and -O- in a favourable structure-function configuration
can show metal chelating activity (43,44). It is evident
that the mango ginger extracts are potential source of
bioactive compounds with some of the above functional
groups as reported by Policegoudra et al. (24,41,42). Since
ferrous ions are the most effective prooxidant in the food
system (45), high chelating abilities of mango ginger ex-
tracts would be beneficial. Iron can stimulate lipid per-
oxidation by Fenton reaction, and also accelerate peroxi-
dation by decomposing lipid hydroperoxides into peroxyl
and alkoxyl groups (46,47).
Total reducing power of mango ginger extracts
Acetone and ethyl acetate extracts showed high re-
ducing power compared to hexane, chloroform, meth-
anol and water extracts. All the extracts exhibited con-
centration-dependent activity (Fig. 2). The presence of
compounds with -OH groups in the extracts may be
responsible for reduction power. The reducing capacity
of a compound may serve as a significant indicator of its
antioxidant capacity (48).
The antioxidant activity of mango ginger extracts was
independent of phenolic content. Polar extracts exhibit-
ed potential DPPH radical scavenging activity, super-
oxide radical scavenging activity, lipid peroxidation in-
hibitory activity and metal chelating activity, but the
non-polar extracts showed potential lipid peroxidation
inhibitory activity and metal chelating activity. However,
it is known that nonphenolic constituents could also con-
tribute to the antioxidant activity of extracts (49). True to
this, recently, three new bioactive terpenoid compounds
have been isolated and characterized from mango ginger
rhizomes, which are highly antibacterial and antioxidant
(24,41,42). Hence, antioxidant activity of mango ginger
extracts may be due to synergetic effect of phenolic and
terpenoid molecules.
Mango ginger extract cytotoxicity
All the extracts of mango ginger showed moderate
cytotoxicity (Table 2) towards both normal and cancer
cell cultures tested. All extracts were tested for cyto-
toxicity in the concentration ranging from 10 to 500 mg.
The survival studies showed that ethyl acetate extract is
more cytotoxic at lower concentration, which may be due
to the presence of high phenolic concentration. Hexane
and chloroform extracts also showed toxicity towards
cancer cell lines with concentration CTC50 in the range
from 90 to 100 mg, whereas the CTC50 of the remaining
extracts ranged from 132 to 407 mg. All the extracts
showed comparatively more toxicity towards cancer cells
in comparison with normal cells. Among the five extracts
tested, the ethyl acetate extract showed higher toxicity
with CTC50 values ranging from 52 to 65 mg, followed
by chloroform, hexane, acetone and methanol extracts
with lower CTC50 values ranging from 90 to 423 mg
(Table 2). All the mango ginger extracts also showed
cytotoxicity towards normal cell lines with CTC50 rang-
ing from 62 to 423 mg. Ethyl acetate extract exhibited
cytotoxicity against Vero cell lines with CTC50 ranging
from 62 to 65 mg. The other extracts also exhibited cyto-
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Fig. 2. Total reducing power of mango ginger extracts
Table 2. Cytotoxicity of mango ginger extracts
Extracts
CTC50 values/µg
Vero cell line A-549 cell line
MTT assay SRB assay MTT assay SRB assay
hexane (106.3±1.8)b (110.7±2.5)b (95.6±2.3)b (100.3±1.4)b
chloroform (102.3±2.3)b (106.9±3.1)b (90.2±1.2)b (96.7±2.3)b
ethyl acetate (65.1±1.6)a (62.4±1.5)a (52.5±1.1)a (57.5±1.7)a
acetone (137.8±1.8)c (140.5±3.2)c (132.3±3.4)c (138.4±2.3)c
methanol (408.6±4.2)e (423.6±3.7)e (395.2±5.2)d (397.8±5.3)d
water (386.9±3.5)d (393.3±3.4)d (405.2±7.3)e (407.4±10.0)e
The expressed values are means±S.D. of three replicates; those with different superscripts differ significantly at p<0.05
toxicity against normal cell lines with CTC50 ranging from
102 to 423 mg. It was observed that except ethyl acetate
extract, all mango ginger extracts showed cytotoxicity
towards both cell lines at higher concentrations.
Platelet aggregation inhibitory activity
Platelets readily aggregate in response to a variety
of endogenous substances and they can initiate throm-
bus formation, leading to ischemic diseases. In addition,
the interactions between platelets and blood vessel walls
are important in the development of thrombosis and
cardiovascular diseases (50,51). Therefore, the inhibition
of platelet function represents a promising approach for
the prevention of thrombosis. Platelet aggregation inhib-
itory activity of ethyl acetate and acetone extracts was
very high, followed by methanol and water extracts. Hex-
ane and chloroform extracts did not show activity (Fig.
3). The high platelet aggregation inhibitory activity of ethyl
acetate and acetone extracts (Table 2) may be correlated
with high phenolic content. Even though the methanol
extract contains high phenolic content, the activity was
lower than that of ethyl acetate and acetone extracts.
Conclusion
High antioxidant activity, cytotoxicity and platelet
aggregation inhibitory activity of mango ginger extracts
can be correlated with their phenolic content and other
bioactive constituents. Since these bioactive compounds
are known for their health beneficial properties, mango
ginger extracts can be used as natural source of phenolic
and terpenoid compounds. The antioxidant and platelet
aggregation inhibitory activity of mango ginger extracts
can be useful for the preparation of culinary and nutra-
ceutical products. However, pharmacological evidence at
molecular level is required to establish the possible cor-
relation between medicinal properties of mango ginger
constituents and bioactivities of the extracts.
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